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Web Page URLs for STN Seminar Schedule - N. America 
"Ask CAS" for self-help around the clock 
New STN AnaVist pricing effective March 1, 2006 
STN AnaVist $500 visualization usage credit offered 
CA/CAplus enhanced with 1900-1906 U.S. patent records 
KOREAPAT updates resume 

Derwent World Patents Index to be reloaded and enhanced 
IPC 8 Rolled-up Core codes added to CA/CAplus and 
USPATFULL/USPAT2 

The F"Term thesaurus is now available in CA/CApliis 

The first reclassification of IPC codes now complete in 

INPADOC 

TULSA/TULSA2 reloaded and enhanced with new search and 
and display fields 

Price changes in full -text patent databases EPFULL and PCTFULL 

CHEMSAFE reloaded and enhanced 

FSTA enhanced with Japanese patents 

Coverage of Research Disclosure reinstated in DWPI 



MACINTOSH VERSION IS V6.0c(ENG) AND V6.0Jc(JP), 
AND CURRENT DISCOVER FILE IS DATED 26 JUNE 2006. 

STN Operating Hours Plus Help Desk Availability- 
Welcome Banner and News Items - ' ^ • - 
For general information regarding STN implementation of IPC 8 
X.25 communication option no longer available 



Enter NEWS f oMowed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 



* * * * 



* * * STN Columbus ****** 



FILE 'HOME' ENTERED AT 12:51:24 ON 24 JUL 2006 

=> FIL CAPLUS 

COST IN U.S. DOLLARS 

FULL ESTIMATED COST 



SINCE FILE 
ENTRY 
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TOTAL 
SESSION 
0.21 
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FILE 'CAPLUS* ENTERED AT 12:51:43 ON 24 JUL 2006 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS" FOR DETAILS. 

COPYRIGHT (C) 2006 AMERICAN CHEMICAL SOCIETY (ACS) 



Copyright of the articles to which records in this database refer is 
held by the publishers listed in the PUBLISHER (PB) field (available 
for records published or updated in Chemical Abstracts after December 
26, 1996), unless otherwise indicated in the original publications. 
The CA Lexicon is the copyrighted intellectual property of the 
American Chemical Society and is provided to assist you in searching 
databases on STN. Any dissemination, distribution, copying, or storing 
of this information, without the prior written consent of CAS, is 
strictly prohibited. 

FILE COVERS 1907 - 24 Jul 2006 VOL 145 ISS 5 
FILE LAST UPDATED: 23 Jul 2006 (20066723/ED) 

Effective October 17, 2005, revised CAS Information Use Policies apply. 
They are available for your review at: 



http : //www. cas . org/ inf opolicy . html 
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THE ESTIMATED COST FOR THIS REQUEST IS 2.74 U.S. DOLLARS 
DO YOU WANT TO CONTINUE WITH THIS REQUEST? (Y)/N:Y 



LI ANSWER 1 OF 1 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE: 



CAPLUS COPYRIGHT 2006 ACS on STN 
2000:30387 CAPLUS 
132:151895 

Synthesis of a-substituted aminocarboxylic acids 
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AUTHOR (S) 



CORPORATE SOURCE: 



SOURCE : 



Saratovskikh, I. V.; Kalashnikov, V. V.; Ragulin, V. 
V. 

Institute of Physiologically Active Substances/ 
Russian Academy of Sciences, Chernogolovka, Russia 
Russian Journal of General Chemistry (Translation of 
Zhurnal Obshchei Khimii) (1999), 69(7), 1173-1175 
CODEN: RJGCEK; ISSN: 1070-3632 
MAIK Nauka/Interperiodica Publishing 
Journal 
English 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE: 
ABSTRACT : 

Alkylation of Schiff bases of amino acids, PhCH:NCHRC02Rl (R = Me, Ph, Me2CH, 
PhCH2; Rl = Me, Et) with R22P(0) (CH2)nBr (R2 = OEt, Ph; n = 2-5) followed by 
hydrolysis gave 32-85% 7 R32P(0) (CH2)nCR (NH2) C02H {R3 = OH, Ph; R = same as 
above; n = 2-5) . 



REFERENCE COUNT: 



THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS 
RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 



=> DIS LI 1 lALL 

THE ESTIMATED COST FOR THIS REQUEST IS 3.07 U.S. DOLLARS 
DO YOU WANT TO CONTINUE WITH THIS REQUEST? (Y)/N:Y 



LI ANSWER 1 OF 
ACCESSION NUMBER 
DOCUMENT NUMBER: 
ENTRY DATE: 
TITLE : 
AUTHOR (S) : 



CAPLUS COPYRIGHT 2006 ACS on STN 
2000:30387 CAPLUS 
132 :151895 

Entered STN: 13 Jan 2000 

Synthesis of a- substituted aminocarboxylic acids 
Saratovskikh, I. V.; Kalashnikov, V. V.; Ragulin, V. 
V. 

Institute of Physiologically Active Substances, 
Russian Academy of Sciences, Chernogolovka, Russia 
Russian Journal of General Chemistry (Translation of 
Zhurnal Obshchei Khimii) (1999), 69(7), 1173-1175 
CODEN: RJGCEK; ISSN: 1070-3632 
MAIK Nauka/Interperiodica Publishing 
Journal 
English 

29-7 (Organometallic and Organometalloidal Compounds) 
Section cross-reference (s) : 34 

ABSTRACT:. 

Alkylation of Schiff bases of amino acids, PhCH:NCHRC02Rl (R = Me, Ph, Me2CH, 
PhCH2; Rl = Me, Et) with R22P(0) (CH2)nBr (R2 = OEt, Ph; n = 2-5) followed by 
hydrolysis gave 32-85% 7 R32P(0) (CH2 ) nCR {NH2) C02H (R3 = OH, Ph; R = same as 
above; n = 2-5) . 



CORPORATE SOURCE: 



SOURCE : 



PUBLISHER: 
DOCUMENT TYPE: 
LANGUAGE : 
CLASSIFICATION 



SUPPL. TERM: 
INDEX TERM: 



INDEX TERM: 



INDEX TERM: 



phosphorylalkyl amino acid prepn 

1186-10-3, Diethyl 3-bromopropylphosphonate 5055-14-1 
5324-30-1, Diethyl 2 -bromoethylphosphonate 40216-61-3 
40216-77-1 42757-42-6, Diethyl 5-bromopentylphosphonate 
60855-77-8 63075-66-1, Diethyl 4 -bromobutylphosphonate 
68906-71-8 

ROLE: RCT (Reactant) ; RACT (Reactant or reagent) 

(preparation of phosphorylalkyl substituted amino acids) 
258285-03-9P 

ROLE: RCT (Reactant); SPN (Synthetic preparation) ; PREP 
(Preparation) ; RACT (Reactant or reagent) 

(preparation of phosphorylalkyl s\ibstituted amino acids) 
1573 81-42 -5P 2582 84 -97 -8P 258284- 98- 9P 

258284- 99-OP 258285-00-6P 258285-01-7P 

258285- 02-8P 
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REFERENCE COUNT: 
REFERENCE (S) : 



ROLE: SPN (Synthetic preparation) ; PREP (Preparation) 

(preparation of phosphorylalkyl substituted amino acids) 
6 THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. 

(1) , Evans, R; Br J Pharmacol 1982, V75(l), P65 CAPLUS 

(2) Ragulin, V; US 1410489 Byull Izobret 1986 

(3) Ragulin, V; Byull Izobret 1990, 34 

(4) Ragulin, V; Ref Zh Khim 1991,. 3N169P 

(5) Salt, T; Neuroscience 1995, V65(l), P5 CAPLUS 

(6) Tsvetkov, E; Russ J Gen Chem 1995, V65 (9) , P1300 
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L2 ANSWER 1 OF 1 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
ENTRY DATE: 
TITLE : 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

INT. PATENT CLASS IF 
MAIN: 
SECONDARY : 



CAPLUS COPYRIGHT 2006 ACS on STN 
1995:957967 CAPLUS 
124:30404 

Entered STN: 02 Dec 1995 

Preparation of a-tetrasubstituted-a-amino 

acids as central nervous system agents. 

Watkins, Jeffrey Clifton; Jane, David Edward 

University of Bristol, UK; Tocris Cookson Ltd. 

PCT Int. Appl., 40 pp. 

CODEN: PIXXD2 

Patent 

English 

C07C229-24 

C07F009-38; C07F009~09; C07F009-30; A61K031-195; 
A61K031-66 
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CLASSIFICATION: 34-2 (Amino Acids, Peptides, and Proteins) 

Section cross-reference (s) : 1 
FAMILY ACC. NUM. COUNT: 1 
PATENT INFORMATION: 



PATENT NO. 






KIND 


DATE 




APPLICATION NO. 




DATE 


WO 9515940 






Al 




19950615 




WO 1994r-.GB2690 




19941209 


W: AM, 


AT, 


AU, 


BB, 


BG, 


BR, BY, 


CA, 


CH, CN, CZ, DE, 


DK, 


EE, ES, FI, 


6B, 


GE, 


HU, 


JP, 


KE, 


KG, KP, 


KR, 


KZ, LK, LR, LT, 


LU, 


LV, MD, MG, 


MN, 


MW, 


NL, 


NO, 


NZ, 


PL, PT, 


RO, 


RU, SD, SE, SI, 


SK, 


TJ, TT, UA, 


US, 


UZ 


















RW: KE, 


MW, 


SD, 


SZ, 


AT, 


BE, CH, 


DE, 


DK, ES, FR, GB, 


GR, 


IE, IT, LU, 


MC, 


NL, 


PT, 


SE, 


BF, 


BJ, CF, 


CG, 


CI, CM, GA, GN, 


ML, 


MR, NE, SN, 


TD, 


TG 


















AU 9512469 






Al 




19950627 




AU 1995-12469 




19941209 


EP 733036 






Al 




19960925 




EP 1995-903410 




19941209 


R: CH, 


DE, 


FR, 


GB, 


IT, 


LI, NL 










IITY APPLN. 


INFO 












GB 1993-25368 




A 19931-210 



WO 1994-GB2690 W 19941209 



PATENT CLASSIFICATION CODES: 
PATENT NO. CLASS PATENT FAMILY CLASSIFICATION CODES 



WO 9515940 ICM C07C229-24 

ICS C07F009-38; C07F009-09; C07F009-30; A61K031-195 ; 
A61K031-66 

IPCI C07C0229-24 [ICM, 6]; C07C0229-00 [ICM,6,C*]; 

C07F0009-38 [ICS, 6]; C07F0009-09 [ICS, 6]; C07F0009-30 
[ICS, 6]; C07F0009-00 [ICS,6,C*]; A61K0031-195 [ICS,6]; 
A61K0031-185 [ICS,6,C*]; A61K0031-66 [ICS, 6] 
IPCR C07C0229-00 [I,C*]; C07C0229-24 [I, A]; C07C0229-46 
[I, A]; C07C0309-00 [I,C*]; C07C0309-61 [I,A] ; 
C07F0009-00 [I,C*]; C07F0009-09 [I,A] ; C07F0009-30 
[I, A]; C07F0009-38 [I, A] 
AU 9512469 IPCI C07C0229-24 [ICM, 6]; C07C0229-00 [ICM,6,C*]; 

C07F0009-38 [ICS, 6]; C07F0009-09 [ICS, 6]; C07F0009-30 
[ICS, 6]; C07F0009-00 [ICS,6,C*]; A61K0031-195 [ICS,6]; 
A61K0031-185 [ICS,6,C*]; A61K003i-66 [ICS, 6] 
IPCR C07C0229-00 [I,C*]; C07C0229-24 [I, A]; C07C0229-46 
[I, A]; C07C0309-00 [I,C*]; C07C0309-61 [I,A]; 
C07F0009-00 [I,C*]; C07F0009-09 [I,A] ; C07F0009-30 
[I,A]; C07F0009-38 [I, A] 
EP 733036 IPCI C07C0229-24 [ICM, 6]; C07C0229-00 [ICM,6,C*]; 

C07F0009-38 [ICS, 6]; C07F0009-09 [ICS, 6]; C07F0009-30 
[ICS, 6]; C07F0009-00 [ICS,6,C*]; A61K0031-195 [ICS,6]; 
A61K0031-185 [ICS,6,C*]; A61K0031-66 [ICS, 6] 
OTHER SOURCE (S) : CASREACT 124:30404; MARPAT 124:30404 

ABSTRACT : 

R11R12NC(Q) (BY) (RIO) [Y = carboxy, phosphono, P02H(OR13), phosphinco, 
P02H{R13), OP03H2, 0P02 (0R13) , arsono, As02H(OR13), arsenico, As02H(R13), 
sulfo, sulfino, sulpheno, 0S03H, tetrazolyl, 3 - hydroxy i soxazolyl , 
l,2,4-oxadiazolidin-3,5-dione residue, hydantoin residue; R13 = alkyl, alkenyl, 
alkynyl, cycloalkyl, (substituted) aryl, aralkyl; B = (substituted) alkylene, 
cycloalkylene, alkenylene, alkynylene; Q = carboxy, alkoxycarbonyl, hydroxamic 
acid residue; RIO = alkyl, alkenyl, alkynyl, cycloalkyl, haloalkyl, 
(substituted) aryl, aralkyl, biaryl; Rll, R12 = H, alkyl, alkenyl, alkynyl, 
acyl, (substituted) PhCO; 2 of Y, Q, RIO, Rll, R12 and the substituents on B 
being optionally condensed with each other to form a carbocyclic or 
heterocyclic ring system], were prepared Thus, (2R, 5SR) - (-) -2 , 5-dihydro-3 , 6- 
dimethoxy-2-isopropyl-5-methylpyrazine in THF at -78<> was treated with 
BuLi and then Me 4-bromobut-2-enoate in THF to give an oil which was treated 
successively with CF3C02H and refluxing aqueous HCl to give 38.7% 
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(2S, 1 ' S, 2 ' S) -2-amino-2- (2 • -carboxycycloprop-1 ' -yl) propanoic acid. Certain 
title compds, antagonize the ability of L-2-amino-4-phosphonobutyrate to 
depress forskolin- stimulated cAMP production in rat cerebral cortical tissue; they 
are said to be more potent and/or selective agonists or antagonists at 
metabotropic glutamate receptors . 



SUPPL. TERM: 
INDEX TERM: 



INDEX TERM: 



INDEX TERM: 



INDEX TERM: 



INDEX TERM: 



INDEX TERM: 



excitatory amino acid agonist antagonist 
Nervous system agents 

(preparation of a-tetrasubstituted-a-amino acids 

as central nervous system agents) 
Amino acids, preparation 

ROLE: BAG (Biological activity or effector, except adverse); 
BSU (Biological study, unclassified); SPN (Synthetic 
preparation); THU (Therapeutic use) ; BIOL (Biological 
study) ; PREP (Preparation) ; USES (Uses) 

(preparation of a-tetrasubstituted-a-amino acids 

as central nervous system agents) 
Amino acids, biological studies 

ROLE: BPR (Biological process); BSU (Biological ^study ^ 
unclassified) ; MSG (Miscellaneous) ; BIOL (Biological study) ; 
PROG (Process) 

(excitatory, agonists and/or antagonists; preparation of 
a-tetrasubstituted-a-amino acids as central 
nervous system agents) 
3716-48-lP 66515-29-5P 102394-08-lP 104739-22-2P 
157 141- 16 -7P 15738 1-42 -5P 170984 -66-4P 170984 -67-5P 
•17 0 984 -68 -6P 170984 -69-7P 170984 -70 -OP 170984 -71- IP 
170984-72-2P 170984-73-3P 170984-74-4P 

170984 -75 -5P 171228 -34 -5P 171228-35-6P 171483 -43 -5P 
ROLE: BAG (Biological activity or effector, except adverse); 
BSU (Biological study, unclassified) ; SPN (Synthetic 
preparation) ; THU (Therapeutic use) ; BIOL (Biological 
study) ; PREP (Preparation) ; USES (Uses) 

(preparation of a-tetrasubstituted-a-amino acids 

as central nervous system agents) 
106-93-4, 1,2-Dibromoethane 1117-71-1, Methyl 
4-bromobut-2-enoate 1638-86-4, Diethyl phenylphosphonite 
2524-64-3, Diphenyl chlorophosphate 5324-30-1, Diethyl 
2-bromoethylphosphonate 5332-06-9, 4-Bromobutanenitrile 
5454-83-1, Methyl 5 -bromopentanoate 648.40-18-2 
110117-71-0 132153-50-5: ' ■ 
ROLE: RGT (Reactant) ; RAGT (Reactant or reagent) 

(preparation of a-tetrasubstituted-a-amino acids 

as central nervous system agents) 
17 0 984 -76 -6P 170984 -77 -7P 170984 -78 -8P 170984 -79- 9P 
ROLE: RGT (Reactant); SPN (Synthetic preparation); PREP 
(Preparation) ; RAGT (Reactant or reagent) 

(preparation of a-tetrasubstituted-a-amino acids 

as central nervous system agents) 
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L3 ANSWER 1 OF : 
ACCESSION NUMBER: 
DOCUMENT NUMBER: 
ENTRY DATE: 
TITLE : 

AUTHOR (S): 

CORPORATE SOURCE: 

SOURCE : 



CAPLUS COPYRIGHT 2006 ACS on STN 
1985:178450 CAPLUS 
102 : 178450 

Entered STN: 18 May 1985 

Gas chromatographic separation of enantiomeric sulfur 
compounds on Chirasil-Val 

Bayer, Ernst; Kuesters, Ernst; Nicholson, Graeme J.; 
Frank, Hartmut 

Inst. Org. Chem. , Univ. Tuebingen, Tuebingen, 
D-7400/1, Fed. Rep. Ger. 

Journal of Chromatography (1985), 320(2), 393-6 
CODEN: JOCRAM; ISSN: 0021-9673 

Journal 
English 

80-4 (Organic Analytical Chemistry) 



DOCUMENT TYPE: 
LANGUAGE : 
CLASSIFICATION: 
ABSTRACT: 

The gas chromatog. separation of sulfoxide antipodes, including aliphatic 
sulfoxides, : ^ 

on quartz fused silica capillaries coated with the chiral silicone phase 
Chirasil-Val is reported. The compds . were esterified before anal. A flame 
ionization detector and H carrier gas were used. 



SUPPL. TERM: 
INDEX TERM: 

INDEX TERM: 

INDEX TERM: 

INDEX TERM: 

INDEX TERM: 



sulfoxide enantiomer gas chromatog; sulfur con^d enantiomer 
gas chromatog 
Chromatography , gas 

(for resolution of enantiomeric sulfur compds. on 

Chirasil-Val) 
Resolution 

(of sulfur compound enantiomers by gas chromatog. on 
Chirasil-Val) 
Sulfoxides 

ROLE: ANST (Analytical study) 

(resolution of enantiomeric, gas chromatog.) 
4170-69-8 33577-16-1 95833-61-7 95833-62-8 
ROLE: ANST (Analytical study) ; PROC (Process) 

(resolution of, by gas chromatog. on Chirasil-Val) 
3226-66-2 7314-32-1 23631-84-7 34044-66-1 41486-92-4 
50896-97-4 50896-98-5 80225-50-9 95833-63-9 
95833-64-0 95833-65-1 95833-66-2 95833-67-3 
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95833-68-4 95833-69-5 95833-70-8 95833-71-9 

95833-72-0 95833-73-1 95833-74-2 

ROLE: ANST (Analytical study); PROC (Process) 

(separation of, by gas chromatog. on Chirasil-Val) 
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Novel antimicrobial compns . containing analogs of L -methionine -SR-sulfoximine (MSO) 
that are effective in treating intracellular pathogen infections are provided. 
Specifically, the compns. provided are MSO analogs having superior 
antimicrobial activity with significantly less toxicity as compared to MSO. 
These MSO. analogs are suitable for use in treating infection in animals 
including primates, cows, pigs, horses, rabbits, mice, rats, cats, and dogs. 
Moreover, the MSO analogs are ideally suited for treating infections caused by 
the. genus Mycobacterium. Addnl., methods for using the novel MSO analogs are 
also provided. 
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a-Ethylmethionine sulfoxime, H02CCEt (NH2) CH2CH2S (0) Me :NH, was prepared by- 
treatment of H02CCEt (NH2)CH2CH2SMe (I) with HCl . I was prepared by treatment of 
EtC0CH:CH2 with MeSH to give EtCOCH2CH2SMe which was converted to a hydantoin 
derivative with (NH4)2C03. and NaCN and the product hydrolyzed to I. 
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Inhibition of glutathione biosynthesis by prothionine 
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ABSTRACT : 

DL-Prothionine SR-sulf oximine [70085-86-8] and a-methyl-DL-prothionine- 
SR-sulfoximine [70056-05-2] were prepared and found to marlcedly inhibit 
y-glutamylcysteine synthetase [9023-64-7] but to not significantly 
affect glutamine synthetase [9023-70-5] . After injection of prothionine 
sulfoximine into mice, the level of kidney glutathione [70-18-8] decreased 
rapidly to .apprx.20% of the control level indicating that a large fraction, 
rather than a small pool, of- glutathione participates in rapid turnover. The 
rapid decline of the glutathione level that occurs after inhibition of 
glutathione synthesis reflects the normal rate of intracellular glutathione 
utilization by the y-glutamyl cycle. A number of related sulfoximines were 
synthesized and tested as inhibitors of glutamine and y-glutamylcysteine 
synthetases . 
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ABSTRACT : 

a-Methyl-DL-methionine (SR) -sulfoximine [66735-67-9] and 
a-ethyl-DL-methionihe (SR) -sulfoximine [ 66735-68-0], like 

L-methionine (SR) -sulfoximine [15985-39-4], induced convulsions in mice and 
inhibited glutamine synthetase [9023-70-5] irreversibly; a- 
ethylmethionine sulfoximine was .apprx.50% as inhibitory as methionine 
sulfoximine and a-methylmethionine sulfoximine. However, whereas 
a-methylmethionine sulfoximine and methionine sulfoximine inhibited 
y-glutamylcysteine synthetase [9023-64-7] markedly, a- 

ethylmethionine sulfoximine did not, nor did administration of the a-Et 

analog produce the decrease in tissue glutathione [70-18-8] levels found after 

giving methionine sulfoximine or its a-Me analog. The a-alkyl 

methionine sulfoximine analogs cannot be catabolized via the corresponding 

a-keto or a-imino acids, and, like other a-substituted amino 

acids, are probably not metabolized to a significant extent in vivo; this 

suggests that the amino acid sulfoximine mols. themselves, rather than their 

metabolites, are directly involved in the induction of convulsions. Possible 

explanations for the reported lack ^of .correlation between the occurrence of 

convulsions and the levelsvof - glutamine synthetase activity (and its substrates 

and product) are considered. 
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INHIBITION OF GLUTATHIONE BIOSYNTHESIS BY PRO THIONINE SULFOXIMINE S-N 

PROPYL HOMO CYSTEINE SULFOXIMINE A SELECTIVE INHIBITOR OF GAMMA GLUTAMYL 
CYSTEINE SYNTHETASE 

AUTHOR: GRIFFITH 0 W (Reprint); ANDERSON M E; MEISTER A 

AUTHOR ADDRESS: DEP BIOCHEM, CORNELL UNIV MED COLL, NEW YORK, NY 10021, USA 

**USA 

JOURNAL: Journal of Biological Chemistry 254 (4) : pl205-1210 1979 
ISSN: 0021-9258 
DOCUMENT TYPE: Article 
RECORD TYPE: Abstract > 
LANGUAGE : ' ENGLIS^i: 

ABSTRACT: Methionine sulfoximine inhibits glutamine synthetase and 
.gamma. -glutamylcysteine synthetase by serving as an analog of the 
tetrahedral intermediate or transition state formed in the reaction of 
enzyme-bound . gamma . -glutamyl phosphate with ammonia or cysteine; 
injection of methionine sulfoximine into animals leads to decreased 
tissue levels of glutathione and glutamine. Previous studies showed that 
.alpha.- ethylmethionine sulfoximine inhibits glutamine synthetase but 
not .gamma. -glutamylcysteine synthetase. In the present studies, the 
reciprocal goal of inhibiting glutathione synthesis without substantially 
perturbing glutamine synthesis was apparently attained. Thus, prothionine 
sulfoximine, (S-n-propyl homocysteine sulfoximine) and 

. alpha .-methylprothionine sulfoximine were prepared and found to markedly 
inhibit . gamma . -glutamylcysteine synthetase but to not significantly 
affect glutamine synthetase. These sulfoximines are active in vivo and 
thus provide a useful experimental approach for selective inhibition of 
glutathione biosynthesis. After injection of prothionine sulfoximine into 
mice, the level of kidney glutathione decreased rapidly to about 20% of 
the control level, indicating that a large fraction, rather than a small 



pool,, of glutathione participates in rapid turnover. The rapid decline of 
the glutathione level that occurs after inhibition of glutathione 
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ABSTRACT: New antibiotics to combat the emerging pandemic of drug-resistant 
strains of Mycobacterixom tuberculosis are urgently needed. We have 
investigated the effects on M. tuberculosis of phosphorothioate-modif ied 
antisense oligodeoxyribonucleotides (PS-ODNs) against the mRNA of 
glutamine synthetase, an enzyme whose export is associated with 
pathogenicity and with the formation of a poly-L- glutamate / glutaunine 
cell wall structure.. Treatment of virulent M. tuberculosis with 10 muM 
antisense PS-ODNs reduced glutamine synthetase activity and expression 
by 25-50% depending on whether one, two, or three different PS-ODNs were 
used and the PS-ODNs' specific target sites on the mRNA. Treatment with 
PS-ODNs of a recombinant strain of Mycobacteritim smegmatis expressing 
M. tuberculosis glutamine synthetase selectively inhibited the 
recombinant enzyme but not the endogenous enzyme for which the mRNA 
transcript was mismatched by 2-4 nt. Treatment of M. tuberculosis with 
the antisense PS-ODNs also reduced the amount of poly-L- glutamate / 
glutamine in the cell wall by 24%. Finally/ treatment with antisense 
PS-ODNs reduced M. tuberculosis growth by 0.7 logs (1 PS-ODN) to 1.25 
logs (3 PS-ODNs) but had no effect on the growth of M. smegmatis, which 
does not export glutamine synthetase nor possess the poly-L- glutamate 
/ glutamine (P-L-glx) cell wall structure. The experiments indicate 
that the antisense PS-ODNs enter the cytoplasm of M, tuberculosis and 
bind to their cognate targets.. Although more potent ODN technology is 



needed, this study demonstrates the feasibility of using antisense ODNs 
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ABSTRACT: Mycobacterium tuberculosis and other pathogenic mycobacteria 
export abundant quantities of proteins into their extracellular milieu 
when growing either axenically or within phagosomes of host cells. One 
major extracellular protein, the enzyme glutamine synthetase, is of 
particular interest because of its link to pathogenicity. Pathogenic 
mycobacteria , but not nonpathogenic mycobacteria , export large amounts 
of this protein. Interestingly, export of the enzyme is associated with 
the presence of a poly-L- glutamate / glutamine structure in the 
mycobacterial cell wall . In this study, we investigated the 
influence of glutamine synthetase inhibitors on the growth of 
pathogenic and nonpathogenic mycobacteria and on the poly-L- glutamate 
/ glutamine cell wall structure. The inhibitor 

L-methionine-S-sulf oximine rapidly inactivated purified M. tuberculosis 
glutamine synthetase, which was 100-fold more sensitive to this 
inhibitor than a representative mammalian glutamine synthetase. Added 
to cultures of pathogenic mycobacteria , L-methionine-S-sulf oximine 
rapidly inhibited extracellular glutamine synthetase in a 
concentration-dependent manner but had only a minimal effect on cellular 
glutamine synthetase, a finding consistent with failure of the drug to 
cross the mycobacterial cell wall . Remarkably, the inhibitor 
selectively blocked the growth of pathogenic mycobacteria , all of which 
release glutamine synthetase extracellularly, but had no effect on 
nonpathogenic mycobacteria or nonmycobacterial microorganisms, none of 
which release glutamine synthetase extracellularly. The inhibitor was 
also bacteriostatic for M. tuberculosis in human mononuclear phagocytes 
(THP-1 cells), the pathogen's primary host cells. Paralleling and perhaps 



underlying its bacteriostatic effect, the inhibitor markedly reduced the 
amount of poly-L- glutamate / glutsuaine cell wall structure in M. 
tuberculosis. Although it is possible that glutamine synthetase 
inhibitors interact with additional extracellular proteins of structures, 
our findings support the concept that extracellular proteins of M. 
tuberculosis and other pathogenic mycobacteria are worthy targets for 
new antibiotics. Such proteins constitute readily accessible targets of 
these relatively impermeable organisms, which are .rapidly developing 
resistance to conventional antibiotics. 
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ABSTRACT: Mycobacteri\im tuberculosis and other pathogenic mycobacteria 
export abundant quantities of proteins into their extracellular milieu 
when growing either axenically or within phagosomes of host cells. One 
major extracellular protein, the enzyme glutamine synthetase, is of 
particular interest because of its link to pathogenicity. Pathogenic 
mycobacteria , but not nonpathogenic mycobacteria , export large amounts 
of this protein. Interestingly, export of the enzyme is associated with 
the presence of a poly-L- glutamate / glutamine structure in the 
mycobacterial cell wall . In this study, we investigated the 
influence of glutamine synthetase inhibitors on the growth of 
pathogenic and nonpathogenic mycobacteria and on the poly-L- glutamate 
/ glutamine cell wall structure. The inhibitor 

L-methionine-S-sulfoximine rapidly inactivated purified M. tuberculosis 
glutamine synthetase, which was 100-fold more sensitive to this 
inhibitor than a representative mammalian glutamine synthetase. Added 
to cultures of pathogenic mycobacteria , L-methionine-S-sulfoximine 
rapidly inhibited extracellular glutaSoine synthetase in a 
concentration-dependent manner but had only a minimal effect on cellular 



glutamine synthetase, a finding consistent with failure of the drug to 
cross the mycobacterial cell wall . Remarkably, the inhibitor 
selectively blocked the growth of pathogenic mycobacteria , all of which 
release glutamine synthetase extracellularly, but had no effect on 
nonpathogenic mycobacteria or nonmycobacterial microorganisms, none of 
which release glutamine synthetase extracellularly , The inhibitor was 
also bacteriostatic for M. tuberculosis in human mononuclear phagocytes 
(THP... 

...and perhaps underlying its bacteriostatic effect, the inhibitor markedly 
reduced the amount of poly-L- glutamate / glutamine cell wall 
structure in M. tuberculosis. Although it is possible that glutamine 
synthetase inhibitors interact with additional extracellular proteins or 
structures, our findings support the concept that extracellular proteins 
of M. tuberculosis and other pathogenic mycobacteria are worthy targets 
for new' antibiotics . Such proteins constitute readily accessible targets 
of these relatively... * 
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Abstract: Glutamine synthetases (GS) are ubiquitous enzymes that play a 



central role in every cell's nitrogen metabolism. We have investigated 
. the expression and activity of all four genomic Mycobacterium 
tuberculosis GS - GlnAl, GlnA2, GlnA3 and GlnA4 - and four enzymes 
regulating GS activity and/or nitrogen and glutamate metabolism - 
adenylyl transferase (GlnE) , gamma-glutaraylcysteine synthase (GshA) , 
UDP-N-acetylmuramoylalanine-d- glutamate ligase (MurD) and glutamate 
racemase (Murl) . All eight genes are located in multigene operons 
except for glnAl, and all are transcribed in M. tuberculosis; however, 
some are not translated or translated at such low levels that the 
enzymes escape detection. Of the four GS, only GlnAl can be detected. 
Each of the eight- genes, as well as the glnAl-glnE-glnA2 cluster, was 
expressed separately in l^cobacterium smegmatis, and its gene product 
was characterized and assayed for enzymatic activity by analysing the 
reaction products. In M. smegmatis, all four recombinant-overexpressed 
GS are multimeric enzymes exhibiting GS activity. Whereas GlnAl, GlnA3 
and GlnA4 catalyse the synthesis of L- glutamine , GlnA2 catalyses the 
synthesis of D- glutamine and D-isoglutamine . The generation of 
mutants in M. tuberculosis of the four glnA genes, murD and murl 
demonstrated that all of these genes except glnAl are nonessential for 
^ in vitro growth. L-methionine-S, R-sulphoximine (MSO) , previously- . v.- 
demonstrated to inhibit M. tuberculosis growth in vitro and in vivo, 
strongly inhibited all four GS enzymes; hence, the design of MSO 
analogues with an improved therapeutic to toxic ratio remains a 
promising strategy for the development of novel anti-M. tuberculosis 
drugs . 
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We have investigated the activity and extracellular release of glutamine 



synthetase (L- glutamate : ammonia ligase (ADP-f orming) , EC 6.3.1.2) of 
Mycobacterium tuberculosis. The purified, homogeneous M. tuberculosis 
glutamine synthetase appears to consist of 12 most likely identical 
subunits of M(r) 58,000, arranged in two superimposed hexagons. In the 
catalysis of L- glutamine , the enzyme has an apparent K(m) for L- 
glutamate of approx. eq.3 mM at the pH optimum of 7.5. M. tuberculosis 
releases a large proportion (approx. eq.30%) of its total measurable enzyme 
activity into the culture medium, a feature that is highly specific for 
pathogenic mycobacteria . Immunogold electron microscopy revealed that M. 
tuberculosis also releases the enzyme into its phagosome in infected human 
monocytes. Two potentially important roles for glutamine synthetase in 
the pathogenesis of M. tuberculosis infection are (i) the synthesis of L- 
glutamine , a major component of the cell wall of pathogenic but not 
nonpathogenic mycobacteria , and (ii) the modulation of the ammonia level 
in the M. tuberculosis phagosome, which may in turn influence phagosomal pH 
and phagosome-lysosome fusion. 
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Glutamine synthetase of Mycobacterium tuberculosis: Extracellular 
release and characterization of its enzymatic activity 
Harth G.; Clemens D,L.; Horwitz M.A. 

We have investigated the activity and extracellular release of glutamine 
synthetase (L- glutamate rammonia ligase (ADP-forming) , EC 6.3.1.2) of 
Mycobacterium tuberculosis. The purified, homogeneous M. tuberculosis 
glutamine synthetase appears to consist of 12 most likely identical 
subunits of M(r) 58,000, arranged in two superimposed hexagons. In the 
catalysis of L- glutsuaine , the enzyme has an apparent K{m) for L- 
glutamate of approx. eq.3 mM at the pH optimum of 7,5. M. tuberculosis 
releases ... 

. . .measurable enzyme activity into the culture medium, a feature that is 
highly specific for pathogenic mycobacteria . Immunogold electron 
microscopy revealed that M. tuberculosis also releases the enzyme into its 
phagosome in infected human monocytes. Two potentially important roles for 
glutamine synthetase in the pathogenesis of M. tuberculosis infection are 

(i) the synthesis of L- glutamine , a major component of the cell wall 
of pathogenic but not nonpathogenic mycobacteria , and (ii) the modulation 
of the ammonia level in the M. tuberculosis .phagosome, which may... 
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Tuberculosis remains one of humankind's greatest killers, and new 
therapeutic strategies are needed to combat the causative agent, 
Mycobacterium tuberculosis, which is rapidly developing resistance to 
conventional antibiotics. Using the highly demanding guinea pig model of 
pulmonary tuberculosis, we have investigated the feasibility of inhibiting 
M. tuberculosis glutamine synthetase (GS), an enzyme that plays a key 
role in both nitrogen metabolism and cell wall biosynthesis, as a novel 
antibiotic strategy. In guinea pigs challenged by aerosol with the highly 
virulent Erdman strain of M. tuberculosis, the GS inhibitor 
L-methionine-SR-sulfoximine (MSG) protected' the animals against weight 
loss, a hallmark of tuberculosis, and against the growth of M. tuberculosis 
in the lungs and spleen; MSG reduced the CFU of M. tuberculosis at 10 weeks 
after challenge by approximately 0.7 log unit compared with that in control 
animals. MSG acted synergistically with isoniazid in protecting animals 
against weight loss and bacterial growth, reducing the CFU in the lungs and 
spleen by approximately 1.5 log units below the level seen with isoniazid 
alone. In the presence of ascorbate, which allows treatment with a higher 
dose, MSG was highly efficacious, reducing the CFU in the lungs and spleen 
by 2.5 log units compared with that in control animals. This study 
demonstrates that inhibition of M. tuberculosis GS is a feasible 
therapeutic strategy against this pathogen and supports the concept that M. 
tuberculosis enzymes involved in cell wall biosynthesis, including 
major secretory proteins, have potential as antibiotic targets. 
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... humankind's greatest killers, and new therapeutic strategies are 
needed to combat the causative agent, Mycobacterium tuberculosis, which 
is rapidly developing resistance to conventional antibiotics. Using the 
highly demanding guinea pig model of pulmonary tuberculosis, we have 
investigated the feasibility of inhibiting M. tuberculosis .glutamine 
synthetase (GS) , an enzyme that . plays a key role in both nitrogen 
metabolism and cell wall biosynthesis, as a novel antibiotic strategy. 
In guinea pigs challenged by aerosol with the highly... 

...therapeutic strategy against this pathogen and supports the concept that 
M. tuberculosis enzymes involved in cell wall biosynthesis, including 
major secretory proteins, have potential as antibiotic targets. 
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ABSTRACT: We have investigated the activity and extracellular release of 
glutamine synthetase (L- glutcimate :ammnonia ligase (ADP-forming) , EC 
6.3.1.2) of Mycobacteri\im tuberculosis. The purified, homogeneous M. 
tuberculosis glutamine synthetase appears to consist of 12 most likely 
identical subunits of M-r 58,000, arranged in two superimposed hexagons. 
In the catalysis of L- glutamine , the enzyme has an apparent K-m for L- 
glutamate of apprxeq 3 mM at the pH optimum of 7.5. M. tuberculosis 
releases a large proportion ( apprxeq 30%) of its total measurable enzyme 
activity into the culture medium, a feature that is highly specific for 
pathogenic mycobacteria . Immunogold electron microscopy revealed that 
M. tuberculosis also releases the enzyme into its phagosome in infected 
human monocytes. Two potentially important roles for glutamine 
synthetase in the pathogenesis of M. tuberculosis infection are (i) the 
synthesis of L- glutamine , a major component of the cell wall of 
pathogenic but not npnpathogenic mycobacteria , and (ii) the modulation 
of the ammonia level in the M. tuberculosis phagosome, which may in turn 
influence phagosomal pH and phagosome-lysosome fusion. 
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Abstract: We have investigated the expression and extracellular release of 
active, recombinant Mycobacterium tuberculosis glutamine synthetase 
(EC 6.3.1.2), an enzyme that is a potentially important determinant of 
M. tuberculosis infection and whose extracellular release is correlated 
with pathogenicity. The M. tuberculosis glutamine synthetase gene 
encodes a polypeptide of 478 amino acids; 12 such subunits comprise the 
active enzyme. Northern blot, nuclease SI, and primer extension 
analyses revealed glutamine synthetase specific transcripts of 
similar to 1,550 and 1,650 nucleotides produced under low and high 
nitrogen conditions, respectively, Expression of recombinant M. 
tuberculosis • glutamine synthetase in Escherichia coli YMC21E, a 
glutamine synthetase deletion mutant, led to transcomplementation of 
the mutant but not to release of active enzyme. Expression in 
Mycobacterium smegmatis l-2c, from the gene's own promoter, resulted 
in the release of > 95% of all recombinant enzyme, No hybrid molecules 
containing M. tuberculosis and M. smegmatis glutamine synthetase 
subunits were detected, Native and recombinant exported and 
intracellular glutamine synthetase molecules were indistinguishable 
from one another by mass, N-terminal amino acid sequence, antibody 
reactivity, and enzymatic activity. Since M. tuberculosis glutamine 
synthetase is similar to other, strictly intracellular, bacterial 
glutamine synthetases and the DNA sequence upstream of the structural 
gene does not encode a leader peptide, the information to target the 
protein for export must be contained in its amino acid sequence and/or 
conformation. 
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glutamine synthetase deletion mutant, led to transcomplementation of 
the mutant but not to release of active enzyme. Expression in 
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in the release of > 95% of all recombinant enzyme, No hybrid molecules 
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We have investigated the effect of sequence-specific antisense 
phosphorothioate-modif ied oligodeoxyribonucleotides (PS-ODNs) targeting 
different regions of each of the 3032-kDa protein complex (antigen 85 
complex) encoding genes on the multiplication of Mycobacterium 
tuberculosis. Single PS-ODNs to one of the three mycolyl transferase 
transcripts, added either once or weekly over the 6-wk observation period, 
inhibited bacterial growth by up to 1 log unit. A combination of three 
PS-ODNs specifically targeting all three transcripts inhibited bacterial 
growth by approximately 2 logs; the addition of these PS-ODNs weekly for 6 
wk was somewhat more effective than a one-time addition. Targeting the 5' 
end of the transcripts was more inhibitory than targeting internal sites; 
the most effective PS-ODNs and target sites had minimal or no secondary 
structure. The effect of the PS-ODNs was specific, as mismatched PS-ODNs 
had little or no inhibitory activity. The antisense PS-ODNs, which were 
highly stable in M. tuberculosis cultures, specifically blocked protein 
expression by their gene target. -PS-.ODNs ^targeting the transcript of a 
related 24-kDa protein (mptSl) had little inhibitory effect by themselves 
and did not increase the effect of PS-ODNs against the three members of the 
3032-kDa protein complex. The addition of PS-ODNs against the transcripts 
of glutamine synthetase I (glnAl) and alanine racemase (air) modestly 
increased the inhibitory efficacy of the 3032-kDa protein complex-specific 
PS-ODNs to approximately 2.5 logs. This study shows that the three mycolyl 
transferases are highly promising targets for antituberculous therapy by 
using antisense or other antimicrobial technologies. 
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Glutamine synthetase (GS) and superoxide dismutase (SOD), large 
multimeric enzymes that are thought to play important roles in the 
pathogenicity of Mycobacterium tuberculosis, are among the bacterium's 



major culture filtrate proteins in actively growing cultures. Although 
these proteins lack a leader peptide, their presence in the extracellular 
medium during early stages of growth suggested that they might be actively 
secreted. To understand their mechanism of export, we cloned the homologous 
genes (glnAl and sodA) from the rapid-growing, nonpathogenic Mycobacterium 
smegmatis, generated glnAl and sodA mutants of M. smegmatis by allelic 
exchange, and quant itated expression and export of both mycobacterial and 
nonmycobacterial GSs and SODs in these mutants. We also quantitated 
expression and export of homologous and heterologous SODs from M. 
tuberculosis. When each of the genes was expressed from a multicopy 
plasmid, M. smegmatis exported comparable proportions of both the M. 
tuberculosis and M. smegmatis GSs (in the glnAl strain) or SODs (in the 
sodA strain), in contrast to previous observations in wild-type strains. 
Surprisingly, recombinant M. smegmatis and M. tuberculosis strains even 
exported nonmycobacterial SODs. To determine the extent to which export of 
these large, leaderless proteins is expression dependent, we constructed a 
recombinant M. tuberculosis strain expressing green fluorescent protein 
(GFP) at high levels and a recombinant M. smegmatis strain coexpressing the 
M. smegmatis GS, M. smegmatis SOD, and M. tuberculosis BfrB 
(bacterioferritin) at high levels., Th(e',V':i:ecombinant M. tuberculosis strain 
exported GFP even in early stages of growth and at proportions very similar 
to those of the endogenous M. tuberculosis GS and SOD. Similarly, the 
recombinant M. smegmatis strain exported bacterioferritin, a large 
(approximately 500-kDa),' leaderless, multimeric protein, in proportions 
comparable to GS and SOD. In contrast, high-level expression of the large, 
leaderless, multimeric protein malate dehydrogenase did not lead to 
extracellular accumulation because the protein was highly unstable 
extracellularly. These findings indicate that, contrary to expectations, 
export of M. tuberculosis GS and SOD in actively growing cultures is not 
due to a protein-specific export mechanism, but rather to bacterial leakage 
or autolysis, and that the extracellular abundance of these enzymes is 
simply due to their high level of expression and extracellular stability. 
The same determinants likely explain the presence of other leaderless 
proteins ih the extracellular medium of actively growing M. tuberculosis 
cultures . 
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